Oxidative stress caused by the disproportionate production of reactive oxygen species (free radicals), as compared with the elimination of these products by endogenous antioxidants, is considered to be one of the main causes in the progression of rheumatoid arthritis, arteriosclerosis, ischemic stroke, autoimmune disease, diabetes, cancer initiation and aging. 1-5 Thus, an intake of natural antioxidants has been posited to reduce the risk of developing some of these pathologies related to oxidative stress. 6 During a search for natural antioxidants from fungal strains, we found that the culture broth of Coprinus echinosporus exhibited potent free radical scavenging activity. C. echinosporus is a basidiomycete belonging to the genus Coprinus together with C. comatus, C. cinereus, C. plicatilis and C. radians. The genus Coprinus was reported to produce diverse sesquiterpenes, diterpenoids, triterpenoids and piperidine derivatives, which were reported to exhibit anti-inflammatory, antioxidant, anti-cancer, antibacterial, anti-fungal and cerebral blood flow-improving effects. [7] [8] [9] [10] [11] [12] In this study, we report the isolation and structure determination of novel sesquiterpenes (2-4, Figure 1 ) and their antioxidant properties.
Compound 2 was obtained as a white powder with the specific rotation value of +11.8°([α] D ; 20°C, 7.2 mg ml − 1 , MeOH) and exhibited UV maxima (log ε) at 305 (3.7), 258 (sh, 2.3) and 204 (4.2). Its MW was established as 246 by a molecular ion peak at m/z 246 [M] + in the EI mass, and the molecular formula was determined as C 15 aromatic methine singlets at δ 6.54 and 6.52, a methylene at δ 4.11/4.75 in the furan ring, two methylenes at δ 2.38 and 2.55/2.73 in the cyclopentanone moiety, and three methyl groups at δ 2.13, 1.09 and 0.96 (Table 1 ). In the 13 C NMR spectrum, a carbonyl carbon at δ 218.9, two oxygenated sp 2 quaternary carbons at δ 154.7 and 150.3, two sp 2 quaternary carbons at δ 128.8 and 126.2, two sp 2 methine carbons at δ 112.4 and 111.8, a oxygenated methylene carbon at δ 79.7, two methylene carbons at δ 53.5 and 49.0, two quaternary carbons at δ 57.2 and 42.9, and three methyl carbons at δ 24.7, 24.0 and 16.6 were evident. All proton-bearing carbons were assigned by the HMQC spectrum. The chemical structure was determined by the HMBC spectrum, which showed long-range correlations from H-2 to C-1, C-3 and C-4, from H-5 to C-1, C-3, C-4, C-6 and C-12, and from H-12 to C-3, C-4, C-5, C-6 and C-11. These correlations established the presence of a spirocyclic ring system in 2. 13 In addition, the long-range correlations from H-14 and H-15 to C-2, C-3 and C-4 suggested that two methyl groups should be placed on the cyclopentanone moiety. The long-range correlations from the aromatic methine proton of H-7 to C-4, C-9 and C-11, and from the aromatic methine proton of H-10 to C-6, C-8 and C-13 were evident ( Figure 2) . Therefore, the structure of 2 was determined to be a new derivative of spirobenzofuran lacking an oxygen molecule at the C-12 position, as shown Figure 2, and this compound was named deoxyspirobenzofuran.
Compound 3 was obtained as a white powder with the specific rotation value of − 186.9 ([α] D ; 20°C, 13.6 mg ml − 1 , MeOH), and its UV maxima (log ε) at 301.0 (3.7), 258.0 (sh, 2.9) and 204.5 (4.3) suggested that this compound was a spirobenzofuran derivative. It exhibited a molecular ion peak at m/z 276 [M] + in the EI-MS, and the molecular formula was determined as C 16 H 20 O 4 by hig-resolution EI-MS (m/z 276.1358 [M] + , Δ − 0.4 mmu), which was in agreement with the 1 H and 13 C NMR spectra. The 1 H and 13 C NMR spectral data of 3 was similar to those of 2, except for the disappearance of a methylene signal and the presence of acetal (δ H 5.47, δ C 110.2) and methoxyl (δ H 3.46, δ C 56.2) signals in 3 (Table 1) . All proton-bearing carbons were assigned by the HMQC spectrum, and the structure was determined by HMBC spectrum. HMBC ( Figure 2 ) revealed that the cyclopentanone moiety and aromatic ring system of 3 was the same as that of compound 2. The long-range correlations from H-5 to C-12 (δ 110.2) and from H-12 (δ 5.47) to C-3, C-4, C-5, C-6, C-11 and a methoxyl carbon at δ 56.2 were evident. These correlations implied that C-12 of the furan moiety was substituted by a methoxyl group. Therefore, compound 3 was named methoxyspirobenzofuran.
Compound 4 was obtained as a white powder with the specific rotation value of , which was in agreement with the 1 H and 13 C NMR spectra. The 1 H NMR spectrum of 4 in CD 3 OD showed signals due to two aromatic methines at δ 7.52 and 6.80, an oxygenated methine at δ 5.85, a methoxy proton at δ 3.52, a methylene at δ 2.48 and three methyls at δ 2.17, 1.35 and 1.31. In the 13 C NMR spectrum, a carbonyl carbon at δ 206.8, two oxygenated sp 2 quaternary carbons at δ 151.2 and 144.3, four sp 2 quaternary carbons at δ 167.3, 130.8, 128.1 and 115.5, two sp 2 methine carbons at δ 119.5 and 110.5, an Antioxidant sesquiterpenes from Coprinus echinosporus oxygenated methine carbon at δ 96.3, a methoxy carbon at δ 55.7, a methylene carbon at δ 53.6, a quaternary carbon at δ 40.0, and three methyl carbons at δ 27.8, 27.6 and 16.5 were evident. All protonbearing carbons were established by the HMQC spectrum. The chemical structure was determined by HMBC spectrum, which showed the long-range correlations from H-2 to C-1, C-3, C-4 and C-5 and from H-14 and H-15 to C-2, C-3 and C-4, suggesting the presence of a cyclopentenone moiety substituted with two methyl groups. The long-range correlations from the aromatic methine proton of H-7 to C-5, C-9 and C-11, and the aromatic methine proton of H-10 to C-6, C-8 and C-13 were evident. An acetal proton (H-12) at δ 5.85 showed long-range correlations to C-4, C-5 and C-11, establishing the benzopyran moiety. Finally, the long-range correlation from the methyl protons at δ 3.52 to C-12 connected the methoxyl group to C-12 of the pyran ring. Therefore, the structure of 4 was determined to be a new spirobenzopyran derivative. The antioxidant activity of compounds 1-4 was evaluated by the DPPH (1,1-diphenyl-2-picrylhydrazyl) radical and ABTS (the 2,2`azinobis[3-ethylbenzothiazoline-6-sulfonate]) radical-scavenging assay method. 14 The DPPH and ABTS radical-scavenging activities were defined as the amount of antioxidant necessary to decrease the initial radical concentration by 50% (IC 50 ). Compounds 1 and 3 showed potent antioxidant activity with IC 50 values of 52.4 and 58.4 μM, respectively, in the ABTS radical-scavenging assay, and were comparable with Trolox (IC 50, 57.0 μM) and BHA (IC 50, 45.3 μM) (Table 2) . However, compounds 2 and 4 with IC 50 values of 64.1 and 87.9 μM, respectively, were less active than Trolox and BHA. In the DPPH radical-scavenging assay, compound 1 exhibited potent activity with an IC 50 value of 125.8 μM, which was similar to BHA (IC 50, 137.0 μM) and less active than Trolox (IC 50, 103.1 μM). Compounds 2 and 3 showed moderate DPPH radical-scavenging activities (Table 2) .
Consequently, compounds 1, 2 and 3 with furan moieties exhibited more potent antioxidant activity than compound 4 with a pyran moiety. The formation of hydroxyl radicals from the Fenton reaction between ferrous and hydrogen peroxide was measured using plasmid DNA single-strand breakage (SSB). The protective effect of compounds 1-4 against DNA damage by the Fenton reaction was evaluated using the ferrous and hydrogen peroxide-induced DNA SSB method. 15 All compounds tested inhibited the DNA SSB induced by the Fenton reaction in a dose-dependent manner (Figure 3) . Activity was comparable with BHA and Trolox, but less active than deferoxamine mesylate salt (an iron chelator).
